IMPORTANCE A focal lesion detected by use of magnetic resonance imaging (MRI) is a favorable prognostic finding for epilepsy surgery. Patients with normal MRI findings and extratemporal lobe epilepsy have less favorable outcomes. Most studies investigating the outcomes of patients with normal MRI findings who underwent (nonlesional) extratemporal epilepsy surgery are confined to a highly select group of patients with limited follow-up.
S urgery for medically resistant epilepsy can be highly effective for patients with a focal epileptogenic lesion identified on a magnetic resonance imaging (MRI) scan. 1 When MRI fails to detect a potentially epileptogenic lesion, the chances of an excellent surgical outcome are significantly lower. [2] [3] [4] [5] [6] Surgical outcomes for patients with neocortical epilepsy who have normal preoperative MRI findings are particularly poor, which reflects the difficulty in localizing and resecting the epileptogenic zone. The reported rates of excellent surgical outcome for nonlesional partial epilepsy range from 41% to 65% for the temporal lobe, 2,7-9 37% for mixed mesial temporal and neocortical sites, 10 and 29% to 56% for extratemporal epilepsy. 3, 5, [11] [12] [13] Reports of outcome in nonlesional extratemporal epilepsy, however, are from relatively small numbers of highly select patients 3 with 1-year follow-up (17 patients in Smith et al, 13 26 patients in Mosewich et al, 12 43 patients in Siegel et al, 14 43 patients in Dorward et al, 15 10 patients in Chapman et al, 11 18 patients in Jeha et al, 5 and 7 patients in Bien et al 3 )
. Except for Bein et al, 3 none of these studies provide data on the total cohort of patients evaluated in order to arrive at the subset considered for resective surgery. In addition, these studies do not report the number of patients who underwent long-term intracranial electroencephalographic (EEG) monitoring but who were not candidates for resection. Thus, the outcomes after resective surgery are from a highly select group of patients, and they do not reflect the probability of an excellent outcome prior to intracranial EEG monitoring. This information would be very useful for counseling patients in the clinic. Absent a clear anatomical lesion detected on an MRI scan, the noninvasive localization of an epileptic brain relies on seizure semiology, scalp EEG, and functional neuroimaging tests such as single-photon emission computed tomography (SPECT) and positron emission tomography. How these tests help us identify patients who are likely to have an excellent surgical outcome remains an area of active investigation. Factors previously reported to predict excellent surgical outcome in nonlesional extratemporal epilepsy (NLETE) include unifocal interictal epileptiform discharges (IEDs), 16 a focal β-frequency ictal discharge on either a scalp or an intracranial EEG, [17] [18] [19] and a localized SPECT abnormality. 20 However, other series 11, 21, 22 have failed to identify any predictive factors. The objective of the present study was to evaluate the noninvasive diagnostic test results and their association with excellent surgical outcome (defined using Engel classes I-IIA of surgical outcomes) in a group of patients with medically resistant NLETE.
Methods
Following Mayo Clinic investigational review board approval, we retrospectively identified 85 consecutive patients who underwent a standardized epilepsy presurgical evaluation for medically resistant NLETE between January 1997 and December 2002. Medical charts were reviewed to determine patient characteristics, including age at surgery, duration of epilepsy, sex, history of febrile seizures, significant head trauma, meningitis, encephalitis, and family history of epilepsy ( Table 1) .
A standardized noninvasive presurgical evaluation of all cases included a neuropsychological evaluation, seizure protocol MRI, 23 interictal and ictal scalp EEG, and SPECT. All patients had prolonged, video-EEG monitoring using 31 scalp electrodes to record their habitual seizures. The 1.5-T seizure protocol brain MRI included 1.6-mm T1-weighted spoiled gradient echo coronal slices and 4-mm fluid-attenuated inversion recovery coronal slices. 23 Patients with a history of epilepsy surgery, video-EEG-detected temporal lobe epilepsy, or generalized epilepsy were excluded. The seizure protocol MRI, SPECT, and EEG findings were classified on the basis of staff neuroradiologist and epileptologist reviews. Patients with abnormalities detected on MRI scans were excluded, except those with nonspecific white matter changes. The IEDs were classified as localizing if they occurred in a single lobar brain region. An ictal EEG was defined as localizing if the onset was from a single lobar location. Patients with exclusively temporal lobe IEDs or a temporal lobe ictal electrographic discharge were excluded. Visual analysis of SPECT was defined as localizing when SISCOM (subtraction ictal SPECT coregistered with MRI) images were visually interpreted to show a single or dominant focus of hyperperfusion. 20 The Engel classification ( Table 2 ) was used to identify excellent (classes IA-D and IIA) and nonexcellent (classes IIB-D, III, and IV) surgical outcomes. 24 To evaluate the potential confounder that patients with focal abnormalities detected by scalp EEG and SISCOM would be preferentially selected for intracranial EEG, we performed 2 analyses. First, the entire nonselected cohort of 85 patients was analyzed to determine the correlation of variables in the noninvasive presurgical evaluation of candidacy for intracranial EEG. A similar univariate analysis was also performed for the 24 patients who had resective epilepsy surgery to determine clinical and diagnostic testing variables associated with surgical outcome.
In particular, the presurgical evaluation included the potential importance of (1) seizure semiology, (2) localized IEDs, (3) localized ictal scalp EEG discharge, and (4) SISCOM localized to a single lobe. We also investigated multiple clinical variables, including age (adult vs pediatric) and risk factors (head trauma with loss of consciousness, family history of epilepsy, and febrile seizures). In the surgical group, we also investigated the potential importance of the location of surgical resection and histopathology. The statistical significance of these variables was evaluated using the Fisher exact test and the Mann-Whitney U test. Statistical significance was defined as P < .05.
Results

Patient Characteristics
Of the 85 patients who met the inclusion criteria, 52 (61%) were adults (≥18 years of age). The mean age at the time of presurgical evaluation was 23 years (range, 1-62 years). The mean duration of epilepsy was 13.7 years, with a mean age at seizure onset of 9.3 years. The mean preoperative frequency of seizures was 1 to 6 seizures per week, with 35 patients (41%) experiencing 1 or more seizures daily (Table 1) .
Interictal Scalp EEG
Interictal scalp EEGs (both routine studies and as part of prolonged video-EEG monitoring) showed that 26 of 85 patients (31%) had no IEDs. Four patients (5%) were reported to have exclusively generalized IEDs, 19 (22%) had a combination of generalized and focal IEDs, and 14 (16%) had multifocal IEDs without a clear dominant focus. The other 22 patients (26%) had a single or dominant interictal focus.
Ictal Semiology and Scalp EEG
Video-EEG-detected seizures were reported to demonstrate lateralizing semiology in 51 patients (60%). Ictal semiology suggested onset in the left hemisphere for 28 patients and onset in the right hemisphere for 23 patients. The ictal EEG demonstrated a generalized EEG discharge at onset for 10 patients (12%). For 33 patients (39%), the ictal EEG changes, although not generalized, could not be clearly lateralized to a single hemisphere (eg, bifrontal or central midline ictal discharge). For 42 patients (49%), the ictal EEG activity could be clearly lateralized. Of these 42 patients, 17 (40%) had an ictal onset localized to the right frontocentral head region, 5 (12%) had an ictal onset localized to the right parietooccipital head region, 13 (31%) had an ictal onset localized to the left frontocentral head region, 5 (12%) had an ictal onset localized to the left parietooccipital head region, and 2 (5%) had an ictal onset localized to the left hemisphere without more specific localization.
Single-Photon Emission Computed Tomography
The SISCOM was reported as localizing in 58 patients (68%). The frontal lobe was the predominant site of SPECT localization in 40 patients (47%). Of the other 18 patients, SPECT studies demonstrated a hyperperfusion focus in the parietal lobe of 10 patients, in the insular region of 4 patients, and in the occipital lobe of 4 patients.
Selection for Intracranial EEG Monitoring and Outcomes
Candidacy for intracranial EEG was highly associated with concordance of multiple diagnostic test results. No single test reached statistical significance, but when analyzed together, a higher concordance of variables from presurgical evaluation (seizure semiology, interictal and ictal scalp localizing EEG, and SISCOM) was associated with patients who were offered intracranial EEG (P = .03) ( Table 1) .
Of the 61 patients who did not undergo resective surgery, 23 (38%) had a follow-up time of longer than 1 year (mean follow-up time, 5 years [range, 1-12 years]). Five patients (8%) were seizure free or only had auras after initiation of a new medi- 
Intracranial Monitoring, Surgical Resection, and Pathology
At the conclusion of the noninvasive presurgical evaluation (phase I), 47 patients (55%) were considered candidates for an invasive phase II surgical evaluation. Of these 47 patients, 31 (66%; 36% of original cohort) elected to proceed to intracranial EEG monitoring with implantation of subdural electrodes ( Figure 1) . Of the 31 patients implanted with subdural electrodes, 25 (81% of patients undergoing invasive phase II evaluation) had intracranial EEGs that demonstrated a clearly localized seizure onset. For the patients with nonlocalizing intracranial EEGs, the subdural electrodes were explanted without cortical resection. One of the patients with a focal ictal discharge on a subdural electrode recording did not undergo resection because the seizure onset involved the motor cortex. The remaining patients with localized seizures recorded by intracranial EEG had surgical resections. Three patients had partial frontal lobectomies, and the rest had focal cortical resections guided by the results of intracranial EEGs. Of the 24 patients who underwent a surgical resection, 18 (75%) underwent a resection in the frontal lobe, evenly divided between the left and right hemispheres, and 6 (25%) underwent a resection in the parietal or occipital lobe. There were no major surgical complications. A pathology examination of resected tissue revealed only nonspecific, primarily subpial gliosis in 16 of the 24 patients' resected tissue samples (67%). Seven patients (29%) had findings of microscopic cortical dysplasia, and the pathology of 1 patient (4%) was consistent with a dysembryoplastic neuroepithelial tumor.
Surgical Outcomes
Surgical outcome was classified on the basis of the most recent available follow-up data. All surgical patients had a follow-up time of longer than 1 year (mean follow-up time, 9 years [range, 2.5-13 years]) (Figure 2) . Of the 24 patients who had resective surgery, 9 (38%) had an excellent outcome. All 9 patients were Engel class I at the time of their last follow-up, and all of these patients had more than 10 years of follow-up. There were no Engel class IIA patients. The other 15 patients had Engel classes IIB-D, III, or IV outcomes; however, 3 of these patients had only nocturnal seizures (Engel class IIB), 6 had significant improvement in seizure frequency (Engel classes IIIA and IIIB), and 1 had a subsequent surgical extension of the first resection and was then rendered seizure free ( Table 3) .
When considering the entire cohort of 85 patients using univariate analysis with a 2-tailed Fisher exact test, we found that the presence of IEDs in a single focus (P = .02) was associated with an excellent surgical outcome ( Table 4) . No significant relationship was shown between surgical outcome and any clinical variable or diagnostic test, including, age (adult vs pediatric), risk factors, lateralizing ictal semiology, ictal scalp EEG localization, or SPECT. Furthermore, surgical outcomes did not differ significantly according to histopathologic finding or location of resection. When considering only the 24 patients who underwent resective epilepsy surgery, we found that univariate analy- 
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Eighty-five consecutive patients with normal magnetic resonance imaging (MRI) findings and medically resistant extratemporal lobe epilepsy were retrospectively identified. The only noninvasive studies associated with excellent surgical outcome were focal interictal epileptiform discharges (IEDs). EEG indicates electroencephalogram; iEEG, intracranial EEG; and SPECT, single-photon emission computed tomography. sis only showed a weak association between IEDs in a single focus (P = .09) and excellent surgical outcome (Table 1) .
Discussion
The absence of an MRI-detected lesion during the presurgical evaluation of a patient with medically resistant epilepsy complicates clinical decision making and results in lower surgical efficacy compared with the presence of a surgically resectable epileptogenic MRI-detected lesion. 1, 4, 24, 25 In particular, patients with NLETE represent some of the most challenging patients evaluated at epilepsy centers. 3, 5, 26 To identify results from noninvasive testing and clinical variables associated with excellent surgical outcome in NLETE, we evaluated a standardized presurgical protocol. In univariate analysis, the only noninvasive test associated with excellent surgical outcome was the presence of localized IEDs. This finding is in agreement with a study by Holmes et al 7 that combined lesional and nonlesional extratemporal lobe epilepsy surgical procedures, although other studies 27, 28 did not find an association. The lack of agreement may reflect the variability of IEDs in frontal lobe epilepsy or the small number of patients. 29, 30 In the present study, the presence of a localized SISCOM did not predict surgical outcome. Previous studies that included lesional extratemporal lobe epilepsy surgery and smaller numbers of nonlesional patients with extratemporal epilepsy found an association between outcome and complete resection of a SISCOM abnormality. 20 Again, a possible explanation is the relatively small number of patients, but a more likely explanation is the bias introduced in NLETE because patients with positive SISCOM studies are more likely to have invasive monitoring and resective surgery. Our analysis of presurgical evaluation shows that positive SISCOM studies and a higher concordance of noninvasive studies are associated with a greater likelihood of selection for invasive phase II evaluation with intracranial EEG (Table 1) . Consistent with the challenge that these patients present, only 47 of the 85 patients (55%) had sufficiently localizing noninvasive findings to justify implantation of intracranial electrodes. Of these 47 patients, 31 (66%) proceeded to long-term intracranial EEG, which is an invasive procedure associated with potential morbidity. 31 For 24 of these 31 patients undergoing longterm intracranial EEG (77%), a seizure focus was identified and surgically resected. Of these 24 patients, 9 (38%) had an excellent outcome after resective epilepsy surgery, which represents only 11% of the original cohort of 85 patients (Figure 1 ). For the group of 61 patients who did not undergo resective surgery, we were able to achieve a minimum 1-year follow-up for 21 patients (34%). At the time of their last followup, 5 patients (8%) in this group achieved extended periods without seizures, which is consistent with the rates reported in this refractory population. 32 Unfortunately, there were 3 deaths in this group, with one that met criteria for probable sudden unexpected death in epilepsy. 33 Nonlesional extratemporal lobe epilepsy surgery is less successful (29%-56% success rate 3, 5, [11] [12] [13] ) than nonlesional temporal lobe epilepsy surgery (41%-65% success rate 2,7-9 ). Approximately 60% of patients with nonlesional temporal lobe epilepsy are rendered seizure free after an anterior temporal lobectomy. 2, 8 The efficacy of temporal lobe epilepsy surgery is likely related to the fact that temporal lobe epilepsy most commonly originates from the anterio-mesial temporal lobe (anterior temporal neocortex, amygdala, and hippocampus), a network commonly involved in epileptogenesis that is entirely resected in a standard anterior temporal lobectomy. 1 The networks involved in epileptogenesis and seizure generation in nonlesional extratemporal lobe epilepsy are less clearly defined, and creating a surgical plan for these patients presents a significant challenge. The optimal approach to patients with medically resistant NLETE cannot be established from our retrospective study, but the data should be useful for counseling patients about invasive intracranial EEG monitoring, resective surgery, and longterm seizure outcome. From the perspective of the patients ultimately undergoing cortical resection, 38% had excellent outcomes spanning a decade of follow-up. Notably, an additional 3 patients had only nocturnal seizures (Engel class IID), and 6 patients (ie, 25% of patients) had worthwhile improvements in seizure frequency (Engel classes IIIA and IIIB). However, it should be recognized that this is a highly select group of patients undergoing surgery. Only 29% (9 of 31) of patients undergoing long-term intracranial EEG and only 11% (9 of 85) of the original study population were candidates for surgery and had excellent outcomes. The large number of patients who must undergo an extensive and costly evaluation to identify good NLETE surgery candidates is in marked contrast to temporal epilepsy, for which the number needed to treat to achieve an excellent outcome is 2. 
